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LILPHE S RIS 3058 TR 208, JLFH 110168; 2. i kK V5 2L B e F o5 e, TR FH 110168

1 E 2021 FAFKERT — K E AR KRR S, 2546 R KEERERM DN, MIRREE, REE
YR ARG R SHOAT T RGEIRE . R RBR)Z R ATk (FPA) XF LR SRR B 0EAT T 174N, I % &
A4 (PCA) A G 73 BT 25 J % e 2 RN Rk W B E A7 G HK . AE B8 hh, et b £ 5, Sl
43.6% 1 29.1%, Hoh, BEFFHJE % E &K (5.58%10° 1 ig -mL ™), I3 4 1 % (GSM), 2-F 5 J % B (2-MIB).
BEmE . T, SR 2408 TR . 2.6-T TRIEE . 2.4-% RIS S FRURURA R . MRS FPA 0T, Z0 T K K
FH 7K R Sy 58 70 014 frn B RS £ A o 0 b BLR L R, 2 R IR S R e s (38 B K I U a0 A i A St B
PCA S Wi &5 SR W, RS (B . 1 0SS ) 2 7 A 0 PR R B 5 B IR BR W 0, EAS A 0 1 A 5 i 47 K ] 22
W o PR RN 2,4-%% U TE T A 5 Ak D AT R /NIRRT 0 A AR A G, T TR . 2,4-BF TR EE RN 2,6-T-
75 T8 D) T B S o v A 3 i R SR PR R AR T . BRI, WY B R R AT KR A Rk E R
B 2 ZEI R, T R O PR A A R TR K R R IR R R . REEE . BATEE L NAEE L KRB RIS
B 1 KR B S R .

KRR KK MOBERE; WAIES; BRERENT; ER

TR 7K B MR S 2 R B0 2 T BE K 2 2 FEF K Z — . X R BB 2 B R AR
Eeiid , JFH SR Tz AR AR O TN, AR K IR A S f Sy HE A IR K SR AKOR R, IR S
BT Y TG G Ia) ™ R B I A Y B K e A o AR K MR TR A R I E R S KR R i 2R
KR, — S R AU R AR ) R ER R, A0 2-F L SR SRR b R R
FEAE T2 RMK R G U7, B Rk . FEMRAL, AR R E N Stk & 1 850+ i 7K U6 b £ 2 Bk =5
PRUS20, PR, BRTRE R SRR . SR BRI Y AR R AR C PP R AN R W]
DL AR 50 e C R . BERE . 1) Ab, il H & A RE R AE IR . A g
05 W AE A58 v i DB A A A WK B N AR RN AT AR ) (B0 2,4-0F T L 2,4-%8 TR L 2,475 =
I T RN 2,6-T A )27, 3 A R 4 1R TR K LR [a) B K 2 419% g+ RBR | IR, 36% MR
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B, RRR SR AR R AR SRR Y BT, RSB AIEAT 7O 8 A my PR BT M A, DUER B
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IKAE 10 PP 2 AR Y (E OO/ BEmE . T B, 2-FMMEE . 2,6-T R . 2,4-P8 0%
. 2,4-%8 TETE . R T REA B-IAAT IR ) A MRLBRRRAE A GR BE o A B SR Sy TG b Ay e R R R £
JI IR [ B AL 540 2 %5
1 MEFEE
1.1 Wi S R EE

AWEGE T 2021 4F 3—10 H #4717, LK E R EKBIKPE, B4 3 100x10° m®, H k&2
1.95x10* t, HERN; A T2y 8x10%, JKUR HH & /R VLG K T AR FIIH T o b 85 i M K IE A o A58 A5 T
A a5 H JF R 1 OB 55 10 S M S A TSR AE . B B A 500 mL A A €0 30 35 0 R B A ) B A
a3, A T ECE VR L BT A E B, i 300y, HORFEME W AEKE LIRS
mib. 7E 15 A S mL Lugol” s ¥ W A T [ & #28 G M), 25T mA 10 mL
HgClL, JH TR I K (UK AE &) T A PR AR IR IR AR, T2 h WRRFESE e = . 270K
PEHA KRS EOLE 1,

FT1 LAAKEEXKRSH

Table 1 Basic water quality parameters of Hong Sheng Reservoir

K BTHE bR TN/(mg-L™") TPAmgL"') NH,~N/(mg'L"') COD/(mgL"') BODy(mg'L") pH OD/(mg-L™")

LIFKIE 1.53 0.09 0.54 22.52 2.93 7.2 8.99
VRS %1 1.50 0.30 1.50 30.00 6.00 6.9 3.00
SD(brifEfk2%) 0.02 0.15 0.68 5.29 217 0.2 424

1.2 EHRFAMR

12 Fb WELIR AR 7 2 2% 1) A G A5 B I 36 2(4i FE>95%), Hoh 3% 2 Pk 2tk &9 (-1 3 7 2%
B R ERBRE) R0 FREE QEC RS, PEfE . TRE. 2. KPR, 2-FRE . B rER . 24-58
WIS . 2,6-T- IR 2,4-58 1), M Sigma Aldrich 24 &) (3£ E) KW . WL E & 204 B i 20 b7
2% NaCl, KI, HgCl, fl Na,SO, Iy A [ 25 8 (&K fb 2= F A BR A |l . #B 4tk (18.2MQ em) B Milli-Q
LR GA =

*®2 BRUMRELRER

Table 2 Basic information on odorant substances

EY MELIA ) ot AL 2P| ML/ (ug L) ¥ HBR/(ng L™

+RE 0.003 0.830

e } + BB/ AE R
2-FH 3 5 g e 0.001 0.470
W £a JEER M) 4.500 1.420
B ity N7 3.000 6.290
W TR ) PRk () 1.000 0.430
L £ R 3.000 13.750
2-2F I AR R MR GE ) 0.021 8.330

BEALEY

2,4-BF IS fa IR G 5.000 70.550
2,4-3% "I (EYEUS 0.029 9.210
2,6-F ZHimE VIS 0.080 60.610
2 H oS 4.500 10.870

B-IA i R VGRS 500.000 3.350
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1.3 PRAREFFAEIFfh

FPA(flavor profile analysis) Fi T i BUBR FEAE DY, 1~12 1Y 7 A~ s50br B2 Ok i iR B A 1 LR 5
FE (1 MEBR A, 2~4 59 MRGREE , 6~8 Jy i AR MLBRORIE , 10~12 Jy s ZUMRBRGR ), 7R PPAh o 2
o, BRI ES B 2 4 4 GRS R KA LR AT o AN [ JB  UR EE  PRILA As EAE 4 E  3K N
BUERRRRA, JFX AR S AT IR, FRIEM R S AE A R REE 45 C, HohigE 1A
HL, bR TERRAIRIK A . PRV EIKAFE G S BV AT PPAL  CRIE DA 9 B 51 A ot )
B A I 3N 53 43 10K WL AR SIS R RN 5 B R AT 0P A, O (B AR Ry B Ak 45 2R 0O,
14 FEIRIKRYIRSH

i FH T00 25 [ AH 1 26 B &5 & SAH 633 /5 i (Gas chromatograohy-mass spectrometry) 15 X} 61 45 - bk
% (Geosmin), 2-H 3 5% #X B (2-Methylisoborneol), 1F CL %\ BEEE . T-HE . 20 . KHEE ., 2-¢ 4
B B-IRAFIEIE . 2,4-8F TREE . 2,6-T MR 2,4-5% TR AR N 090 AE MLOR W) I E AT 2 =
BrC78, K [ A o A BRUET 24 AR A K RE /NI TR BB 23 (8] vf (65 °C, 30 min), FFHELEMFEKFESS
B 25 R0 ] I B A GC-MS [ HEFE SR, X RRLBR 9y BT A7 BB B (250 °C, 2 min), GC il B 2
J¥: 5W) (40 °C, 2min), SRSSLL (8 C'min') i FE & (240 °C-min”") J5 P/ 5 2 min, RETEEPEIEE T
WA AT SRR 12 FhARUE S A HE AR Lt R AF, IH R (R7>0.99).
1.5 EEITH

fiff I 3058 (BX 51 Olympus, HAS) 76 20 (5% 5 &, HI | mm V7 WEAL 4 11 504 (1801-G20, 3%
[ Wildeo 2> F]) #EATHEZE4 SS AR ML T2, o 20 M %85 3 O o ELRE EAT AR T 8. A0 M B AR Y
FESL, 7E 100 mL K FEP A Lugol’s IR, A ZRVLTE 24 h 5 (06 E g W, WO IS &8 09 ¥k 46 3 W
10mL, FEFAE 10K, SERTR S . W8 3 00 1 mL W48 A s b 17380, iPRIE B S g,
P BN B B
1.6 HIELESE

F 53 43 i (principal component analysis) F 4387 25 B2 MUK 4 Ji K 6F W STk E o A0 S 4 Bt
H5 B e B A ML [ 0 1 200400 ) AR 00 281 Py LR ) BT 5 9 SIS 2 ) 1) SQ R AR BE 1Y, PCA g 4% Bl LR ) I
T I Al A B 1 2 8 D B A0, I A e (BT VA 43 BT ORI AR e RN = AR 32 1 A8 R A A 5 Al 168
PCA T A $4l (0 52 14 125 {8 ] SPSS 26.0 344447 .
2 HRE5R
2.1 PRBR4FME

2021 4F 3—10 A, ZLTF/KERYWRBR A BRF 2 T 20 8 AN A, KFE FPA NG BL LR 3. & 3 1]

* 3 RREHEIEMEER
Table 3 Assessment of odor characteristics

AN TR SRARE S PR LA i (BRI - SRR

RkE H

1 2 3 4 5 6 7 8 9 10
2022-03-08 2/2 1/1.5 2/1.5 1/1 2/1 1/1.5 2/2.5 1/1 2/1.5 1.5/0.5
2022-04-12 3.5/4 2/3 2/2 2.5/2 2.5/1.5 2.5/1 3/3.5 2/1.5 2.5/2 2/1
2022-05-05 6/3 5/3.5 4/2 5/3.5 4/2 4/2 5/3.5 4/4 5/4 5/3
2022-06-12 7.5/3.5 5.5/4 4/2.5 5.5/4 4/2.5 4/2.5 7/4 4/3 6/3 6/4
2022-07-20 8/4 6/4 5/3 6.5/3 5/3 5/3 8/3.5 6/3 8/4 6.5/3.5
2022-08-28 8/2.5 6.5/4 5.5/2.5 7.5/2 6.5/3 5.5/3 8/3 6.5/3.5 8.5/3.5 8/3
2022-09-05 8.5/3.5 7.5/3 6/2 8/4 6/2 6/4 8.5/2 6/4 9/4 7/3.5

2022-10-16 8.5/4 7/3.5 6.5/2 8/3.5 6.5/2 6.5/3 8.5/3 6.5/3 9.5/3 8/3
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U, 10 A SRATE A B 7K R IR IS 70 Sy £ R A VR 15 1or
+ Rk, B, TR RER . R R
(FPA<4), Hy=A + Rk | &R JE K 7E LUFE
(B 5 AT I PR T R A AR )
], BT+ Bk | BBk ] S R TR
W BEH 4 D EERM ST, RS
1A 7K 2 VY pg Ak 1 7o ARt B 30, SRR A 2 7 2t
TR S B IR, SRR A 3 T K IEIL A . v
EON TRV o2 St

AL B T IR R, ELISTE 8 T R

o 1 EERAANEREE (&2
. . Fig. 1 Odor intensity (fishy smell) at important

22 GEATHEE

WA 2 fros , AR A 2 A AR i A 21

WELILR TR J4E

sampling points

LR, AL fr 4 FhBESE (R AT SR (Asterionella SRR ENNE T =
sp). /NI BB (Cyclotella sp.). % +F ¥ & 5 5x10¢ | j&ﬂ(;@% g
(Synedra sp.) M1 V- ¥ J& (Tabellaria sp.)), 2 Ff —TE‘ %
2% 3 (K % J8 (Chlamydomonas sp.). 5% EK i & = |
=

(Pandorina sp.)), 2 Fi s i (g & (Sporoides :;i(j 1.5%10° -
sp.). K i ¥ & (Oscillarioides sp.)), 170 #f % § 1.0x10° F
(M 3 J& )(Euglena sp.), 170 2 (B &) S“E :

. s 5010 {2
(Cryptomomas sp.), 1% H & (£ H ¥ J§)
(Peridinium sp.). Fi A3 & A/ NER ¥ R d ol (@&Jﬁ®m@ﬂQﬁ®ﬁ@§ék
Fu o P R R R B R 25, R S R
10 AN SRAF A5 [ ST St (30 350 (15 4 38 F 7 1) 388 £ RHEHH
fk o K Y R ) T 7 T 20 H A E) I 2 RXUMEURTL
. 7 1.38x107 40 -mL ™. A5 W 5% 450 32 1] Fig. 2 Changes in biomass of algal species

AT B8R AN /NI T ] AR A0 R 205 o I AN RN R A AR, W0 2-2F R T L 2,4-0F T T A A R R
WLBRY T, ok ZhRAEY T, ARBESR X AT 0T . R 2022 45 5 T3 A DGR 2 B °F-
e 3 J8 VAT AT 5 0 N R LR ST OGP, AR AT EE AN DG T R AT B RN IR i R S vk
WELIA ) I 2 () 1 K 2R

20214 5 H 9 H , HUFE S 4RI 2] ) 2 AF 88 . /DB i = & il o 5.58x10° 41
il -mL™" F15.18%10° 41 -mL ™" A B AT /K B R BUK A S BE T , BIK T o] R A7 FE B A i Jm 0
NIRRT B AN IR R AT DL R AR IR (4~15 °C) ARG IR & T AR, B R AR & ZR Uk B
W1, K BT AT R R BIELBR R) Y SE A A AT 4 5 BRURE i ZKORE Y IELIR iR R R S IS A i % B A AR
b, & BERUAE IR ik B 40 9 R 2 (R) A R I RO Fe B4, (HX R B ARG A fh k%
23 EERKRYRDH

W 2P, FEKFE PRI 2] 12 Fh AR bR S5 Y b i 8 B, JLrp 2 Rk b &9 (2-
MIB. GSM) il 6 FiEERALG Y (FFlE . THE . 280 . 2,4-B8 IRIE . 2,6-T IR . 2,4-28 IR
PRI T ok, HERR B-IR AP MR I . Wl 3 B, 2-MIB. GSM MRSy + i
BRI, e BUEDVR B BIAE 7—8 J1, 2 HIML S {H (Olfactory coefficient) i 1.3 £% 1 3.3 {5, 7E
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il 2 iy 6 M EESALS W, BREE . TRE. %
B . 2,4-FF MWL 2,6-T I EE . 2,458 0
P 2 HAG fr vk . HorR 2,4-8F T I G R R R
FEfR, N 23.04pg L, 4N OTC{H (4.5pg L)
() 348 5 BE I A fi o 0T VR B Ol 17.24 pg LT,
2554 OTC(3.0 pg'L ™) 19 5.7 4% ; T 09 = o
w034 gL', BT OTC(0.3 ug'L™);
28T 1Y de v TR B MR B 49 08 OTC(3.0 pg-L™) Y
2445 . HAR 2,6-T 0 T 0 06 (R B VR JE A
H OTC(0.08 pg-L ™" Ay 1.5 4%, (HiZ¥ miLEA
TR OENA M. BILBR 2,6-T AN,
TS AR AT RS ASHIE S P R IR R A G
24 ERSESHERMEDT

M 4 LA 40 B (PCA) 25 SRl WL, B
P X £ IR IR TR B K, o HE 61.091%; T EEIR
Z, I 23.51%; 2SN 10.72%. Bt
ik 95.32%,

[, SR A S B e o S 2R Fh
6 Bl i 7 BE AR Z M O R PP, B 4
AL, NIRRT 5 PR R 2,4-58
N REY], TR, 2,6-T A 2,4-5¢
TR S A B ek R VA oG, Hh T
M 2,4-BF AT . BRI 2,4-28 TR AR AL
A A IR R PR WELIR B BT % ) e v SO o R B T
K H OTC #y 2.4 4%, % 1 IR bR /Y 5Tk A v Z
M, 5 EIE 21.23%, H IR & IS EE S A
FAY 11 A B A O, JO Tk a5 I R U
U R . IR REAT 5 ST A CRI S (L

Wk 5 R, BT vk B 5 /N IR i s A
AT IR 10 % B A OC (>0.9), PR T AE
ANTR R R R e A s [RIAERY, TR
Jo e R 5 A A N S ER R A e Mt A
(r>0.65), T 1] BE Hy A< 3 & A1 S BR 3 JE 43 Wl =
o KIS AT LIAE 1 8 H 28 H 5 T8 it i vk
JERAT b, B e R R A
A TR AT REYE o % R REE AR BIF 5T o i R A F
HER AR, S B A R R AR A 5T

PRt , AT 5 0 D B 1 A 2,4-%% @ E (T
ek I ) L R Tl . 2,4-5F Tl
(P BB 2 2t vt 1 A A ) o 5 B0 R LR (1) it
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Fig.3 Changes in mass concentration of main odor

substances, SD with respect to the corresponding standard
olfactory thresholds
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Table 4 Principal component analysis results
W WIS SEI AT 7 AN
Mt FREHEG FR/% Bt FEHT FR/%
PR 3.665 61.091 61.091  3.665 61.091 61.091
T 1.410 23.505 84.596 1.410 23.505 84.596
LM 0.643 10.722 95317  0.643 10.722 95.317
2,4-BE IR 0.160 2.675 97.992
2,4-% IR 0.104 1.733 99.725
Lor F*S5 HBTEHRKRYIRSHEIELD
/PITHR R /RN % B B
| SRy .
05+ AR Table 5 Pearson correlation coefficients of
s B o-Ne--\-- 24- 2% S typical odor contributing substance
A with related algae
3 o
N o B IR R A
4 B
sl o 2.4 Pi s B T
| ReTE, EATHIR 0.957
%fj}é{%ﬁ 3—:% . -
_10 . . . INERIER 0.928 —
-0.5 0 0.5 1.0 SRR . 0.709
PC 1 (61.09%) o
. KR — 0.65
4 SRARILIRYD AR KSR
Fig. 4 Correlation analysis of algae and odorant substances
6x10° 20 2.4x10°
—A-EATHE A 2.2x105 F —A— PR o 10.35
~ sxq0° | "O/DAEER | [ o KEE 1030
0 —O— i 15 . = 2.010° | _o— Ty o A
g o 2 1ex10° | &
S 02 B 1020 =
o = x10° F PN
2 sao) 18 g 0 lois B
3 ¥ »o12a0tf \ A5 %
2 = 3 o044 b =
& 2x10° \ s & E roaet — ‘\\ {010 &=
/ o B g.ox10' | A A 005
X10° b 5 1 6.0x10° O/\A 1o
OIS b o b Lo NI N
‘»5 ‘ 6‘30,6’\,6’\1 %fl QQ'Q_Q\ qu 50 6\ - %l 90‘0\
S\ 1011 ’Ldﬂ WA e g l“ﬁ i 1@1 pYE
RAE H A H
(a) BAFHE NIRHE BmE ik 2 1k (b) FeakileIm ACHR TRk L A2 1k
Es AAURERKYRRERESHIELYETK
Fig. 5 Changes in typical odor contributing substance concentration and the associated algal population
B, (O 0 PR R A4 ST RRAS BE ST e 2L
3 LEi

1) YR LT T 7K P28 7K 5 ) MR ] 5 H £ R R TR 5
&Y @-MIB., GSM). 6 MKk &Y (B . £

TSR RN 11 RPEE

Bk FERR, K 8 AR IRY R (2 Fhk
VOB 24-PF TUGEE . 2,6-T TUMEE . 2,4-%%
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D) REMKBEP R R R N EE, KN 5.58x10° 41 -mL!, /NIREEE R Z, EHN
5.18x10° 4 s - mL™",

3) PCA 45 R, ZERM B 6 FhlE b, PREE . 2,4-28 IR (T e ik v AR ) . T
24-%:%%%(‘Jgamﬁi{;@ﬂﬁﬁiﬁf%) AW FE o iy A0 IR R () A OGP 1Y) BT RR{E B K (61.091%),

FER Z (23.51%) . SSTEXT (0 R A DTHR A 10.72%, H JC i i R R UE .

4) "W;&EE%H{%?@FPH% A FEA: 2-MIB FIl GSM R 28, ZETF/K PEAY + BBk | B3R n) A 3 3 2
H P2 X i WK T R A o A R )RR R XOIREEE . RERRE . BT EE
INEREE A Kﬁ%%ﬂiﬂ?ﬁ)ﬁﬁ@ﬁéi?ﬂo

2 % X M
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Analysis of algae-derived odor problem in Hongsheng Reservoir
JIAN Wenhao', MA Xingguan'*"

1. School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China; 2. Liaohe
River Basin Water Pollution Prevention and Control Institute, Shenyang 110168, China
*Corresponding author, E-mail: 1196121008@qq.com

Abstract A serious drinking water odor problem occurred in 2021 at Hongsheng Reservoir, and the main
parameters such as odor characteristics, odor substances and algae were systematically investigated in
combination with the water sample collection and analysis during the same period. The odor hierarchy analysis
(FPA) was used to assess the type and intensity of odor, and the algae and odorant substances were correlated
with reference to results of principal component (PCA) and correlation analysis. Among the algal species, green
algae and diatoms were the most abundant, accounting for 43.6% and 29.1%, respectively. Among them, the
greatest density (5.58x105 cell'mL™") occurred in the genus Starry rod algae. Eight olfactory substances,
including earth odorant (GSM), 2-methylisobornyl (2-MIB), heptanal, nonanal, decanal, 2,4-heptadienal, 2,6-
nonadienal and 2,4-decadienal, were detected. According to the FPA analysis, the drinking water odor of
Hongsheng Reservoir was a strong fishy odor accompanied by a slight earthy and musty odor, and the highest
intensities of both odors occurred near the Lotus pond on the southwest side of the reservoir. PCA results
showed that saturated aldehydes (heptanal, nonanal and decanal) were the main odor substances that produced
fishy odors, but the influence of unsaturated aldehydes was still not negligible. Heptanal and 2,4-decadienal
could be associated with the growth metabolism of the diatom genera Stellaria and Chlorella, while nonanal, 2,4-
heptadienal and 2,6-nonadienal could be the metabolites of the green algae genera Chlamydomonas and
Solidococcus. Cyanobacteria are the only algae known to produce 2-MIB and GSM, and cyanobacterial
outbreaks were the main cause of earthy/moldy odor in water at Hongsheng Reservoir. More serious fishy odor
problem in Hong Sheng Reservoir could be caused by the abnormal growth of Spirulina, Chlamydomonas,
Chlamydomonas, Chlamydomonas, and Chlorella in the water.

Keywords drinking water; fishy odor; saturated aldehyde; odor characterization; principal component
analysis
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